Early detection through whole-body Skin Self-Examination (wbSSE) may decrease mortality from melanoma. Using the Health Action Process Approach (HAPA) or Health Belief Model (HBM) we aimed to assess determinants of uptake of wbSSE in 410 men 50 years of older who participated in the control group of a randomised trial. Overall, the HAPA was a significantly better predictor of wbSSE compared to the HBM (p<0.001). The construct of self-efficacy in the HBM was a significant predictor of future wbSSE (p = 0.001), while neither perceived threat (p = 0.584) nor outcome expectations (p = 0.220) were. In contrast, self-efficacy, perceived threat, and outcome expectations predicted intention to perform SSE, which predicted behaviour (p = 0.015). The HAPA construct volitional self-efficacy was also associated with wbSSE (p = 0.046). The use of the HAPA model for future SSE interventions for this population is warranted.
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Introduction
Australia has the highest incidence of skin cancer worldwide 1 , and men aged 50 years or older have been identified as a high risk group for melanoma 2 . Secondary skin cancer prevention measures, such as skin self-examination (SSE), have the potential to improve survival from melanoma 3 . While there is no longitudinal evidence for the effectiveness of SSE, it may reduce mortality from melanoma by up to 63% 4 , as well as reducing the thickness and severity of melanoma at diagnosis [4] [5] [6] [7] . Despite this, reported prevalence of SSE in the general population is low, especially in older men 8 , and men are less likely to engage in preventative SSE than women 9 .
Interventions to increase preventative behaviours such as SSE are often based on theoretical models 10 . The Health Belief Model (HBM) in particular, is the most widely applied model of health behaviour 11 and many scholars believe that it forms the foundations for behaviour change practice 10 . It rests on the premise that an individual's likelihood of performing a behaviour is predicted by their underlying beliefs about that behaviour and the health problem it will prevent 12 . The major constructs of the HBM are a person's perceived threat (perceived seriousness and perceived susceptibility) from a particular health problem, their expected outcomes (benefits and barriers) from performing the preventative behaviour and self-efficacy, which is belief in their ability to correctly perform the behaviour 11, 13 .
Although there is evidence that the HBM effectively predicts health behaviours 14, 15 , it has some limitations 11, 14, 16 . It has been argued that the model has poorly defined constructs 11 and focuses on motivational factors without considering how intention to perform a behaviour translates into actual uptake and long-term maintenance of that behaviour. For example, while the HBM indicates that intervening on a person's motivation to wbSSE will increase their intention to perform the behaviour, it gives no indication of how likely it is that this will lead to actual uptake of wbSSE.
By contrast, the Health Action Process Approach (HAPA) is a more recently developed model 17,18 that attempts to overcome weaknesses of earlier social cognitive theories by including constructs which stand between intention and behaviour, thereby addressing the 'intention-behaviour' gap 17 . There are two implicit phases in the model: the motivational phase, which deals with motivational constructs leading to the formation of an intention to change behaviour; and the volitional phase, which specifies constructs that explain variance in actual behaviour change 17 (see Figure 1 ).
Insert Figure 1 about here
The motivational phase is defined by three constructs, which are similar to those specified in the HBM. Action self-efficacy refers to an individual's belief in their ability to correctly perform a behaviour, while risk perception is a measure of a person's perceived vulnerability to develop skin cancer (susceptibility) and severity the person attaches to such diagnosis 19 . Outcome expectancies are a person's positive and negative expectations about the consequences of taking up a behaviour 19 . These constructs are hypothesised to predict intention to perform a behaviour. In the volitional stage are the constructs of action planning and volitional self-efficacy. Action planning involves a person making plans to perform a behaviour, such as when, where and how they will do it 17 . Volitional self-efficacy refers to a person's belief in their capacity to overcome unexpected barriers that affect their ability to maintain that behaviour, and belief in their ability to overcome setbacks or relapses into old behaviour 17 .
A review of HAPA's efficacy presented empirical evidence for the predictive value of the model 17 . In five studies HAPA constructs explained significant amounts of variance for differing kinds of behaviours, and the hypothesised pathways between constructs were confirmed. For example, in a study measuring physical activity in cardiac rehabilitation patients, volitional constructs explained 32% of variation in physical activity behaviour 20 .
Within the current context of SSE, numerous studies have cited either health behaviour models or a combination of constructs from multiple models to guide the development of SSE interventions [21] [22] [23] [24] [25] Despite this, neither the complete HBM nor HAPA models have been specifically tested for their predictive value for SSE in any population.
Given criticisms of the HBM and potential advantages of the HAPA, it may be that the HAPA provides a better theoretical basis for why some men choose to take up and maintain wbSSE, and others do not. If the HAPA explains SSE behaviour more completely then the HBM, the constructs it includes may provide a potential focus for future interventions. Using the HAPA or HBM models, the aim of the present study therefore was to assess determinants of uptake of wbSSE behaviour in these men 50 years or older. baseline, and again at 7 and 13 months after participants received the study materials.
Methods

Ethical considerations.
Current analysis. To reduce variation induced by the intervention, only data from control group participants were used for the analyses described here. Furthermore, as data relating to the HBM and HAPA were only collected at baseline and the 13-month time point, data from the 7-month time point was not included in the analysis. Participants were included if they had completed interviews at both the baseline and 13-month time points. Of those who completed the baseline interview (n=460), 50 did not complete the 13-month interview, leaving a final sample of 410. Participants who did not complete both interviews were similar to those who did in terms of basic demographic characteristics.
Measures. Data on demographic and health characteristics including area of residence, marital status, age group, education, income, and past participation in other cancer screening tests were collected at baseline.
The primary outcome variable used for these analyses was wbSSE at 13 months. Men were classified as having performed a wbSSE in the last 6 months if they had indicated that they had examined each of 13 body areas and that they had either had a person help them or used mirrors to check hard to see parts of the body.
Measures were selected from the baseline interview which best represented the similar HBM and HAPA constructs of self-efficacy ('action self-efficacy' in the HAPA), perceived threat, and outcome expectations ('outcome expectancies' in the HAPA; Table 2 ).
Measures of the remaining HAPA constructs were selected from either the baseline or 13- Variables. SEM allows for the inclusion of latent variables in a model, which represent an underlying construct measured by multiple data items. In the present study, multiple data were available for a single construct only: self-efficacy at baseline (three items as listed in Table 2 ). To determine whether these items appropriately measured the underlying construct, a single factor measurement model was specified and estimated using the maximum likelihood method. To identify the model, error variances for 'correct SSE' and 'monthly SSE' were constrained to be equal, as they were found to be similar in an initial model. The loadings were all significant at the p<0.001 level (see Fig 2) .
The remaining variables were directly derived from single or combined items as listed in Table 1 . The constructs of planning, intention and wbSSE were specified as categorical variables.
Model specification. Model 1 (Fig 2) is a simple representation of the HBM, where constructs on the left (self-efficacy, perceived threat, and outcome expectations as measured at baseline), were specified as predictors of wbSSE at 13 months.
Insert Figure 2 about here
Extra constructs were added to Model 1 to represent the hypothesised pathways of the HAPA (Fig 3) .
Insert Figure 3 about here Given Schwarzer's hypothesis concerning the closure of the 'motivational' phase in forming intentions to perform a behaviour 19 , intention was included as a mediator between the constructs that motivate behaviour performance and wbSSE. In addition, the theoretical framework of the HAPA model suggests that an individual must make plans for behaviour performance prior to executing it 19 . Given this, the construct of SSE planning, as measured at 13 months, was specified as a mediator between intention at baseline and wbSSE at 13 months. Schwarzer also reported that volitional self-efficacy is important in maintaining behaviour change and overcoming obstacles and relapses over time 19 . This construct, also measured at 13 months, was added into the model as a predictor of wbSSE.
In order to perform a nested comparison of the HBM with the HAPA, model 2 was run again, constraining the paths to HAPA constructs to equal zero ( Figure 4 ).
Insert Figure 4 about here
Whether the HAPA model was significantly better than the HBM at predicting SSE behaviour was tested using a likelihood ratio test (80), for which the formula is as follows:
Degrees of freedom are calculated by subtracting the number of free parameters for the null model from the number of free parameters from the alternative model. If the difference statistic D was found to be significant, the HAPA was considered a significantly better model for predicting wbSSE behaviour.
Results
Participants' baseline demographic and health characteristics are described in Table 1 . The HAPA model was found to fit the data better than the HBM, and all but one of the hypothesised pathways were significant. Firstly, all three motivational variables were significantly associated with intention to perform SSE at baseline, which in turn increased the odds of having performed wbSSE at 13 months. Although no previous longitudinal work has linked intention to perform SSE with the behaviour, these findings correspond with the body of evidence from other areas of health research demonstrating that intentions are usually associated with performing a health behaviour 32 . Secondly, while planning slightly mediated the effect of intention on wbSSE, it did not significantly increase the odds of wbSSE when volitional self-efficacy was also included in the model. Planning has been linked to other health behaviours in previous studies using the HAPA model, but this has not been assessed in the context of SSE. For example, in a sample of 418 women, planning was the best direct predictor of breast self-examination 33 ; and similarly it was significantly associated with seatbelt use in a population of adolescents 34 . In a study of dietary behaviours in a Korean population, planning predicted behaviour in women but not in men, while self-efficacy was of equal predictive value in both genders 35 . In the current population of men aged 50 years or older, the results indicate that self-efficacy may be a more important proximal predictor of wbSSE than planning. Volitional self-efficacy at 13 months (confidence in ability to maintain the behaviour and recover from set-backs) was significantly associated with wbSSE, and was predicted by action self-efficacy at baseline (having confidence in ability to take up SSE).
In regards to practice, these findings could be applied by designing future and actors (are already performing wbSSE) 17 . Some past studies in other health behaviour fields targeting constructs more proximal to behaviour have led to increases in those behaviours 17 . For example, an intervention to improve action planning in patients already motivated to increase their physical activity ('intenders') successfully increased levels of activity 36 . Another study increased the initiation and/or maintenance of breast selfexamination via an intervention focused on action and maintenance self-efficacy 37 .
Limitations. Limitations of the Skin Awareness Study have been published elsewhere 21 .
Briefly, all data were collected via self-report, introducing potential recall bias. Men who participated in the study may have had higher incomes and been more health conscious than the general population, making uptake of wbSSE more likely 26 . Furthermore, specific limitations exist that are unique to the particular analyses used here. Firstly, the single items used in this study were not specifically designed to measure constructs of the HBM or HAPA Finally, as this study focused on constructs related to two specific models, it did not consider the influence of all factors potentially relevant to the uptake of wbSSE; for example, the presence of psychological disorders, which may affect adherence to health promoting behaviours 38 . Future research could investigate the affect of these and other relevant factors in conjunction with a model such as HAPA.
Conclusions. In summary, men aged 50 years or older are at high risk of melanoma, and are less likely to perform wbSSE than the general population. A strength of the current study was its longitudinal design, and the results provide preliminary support for the hypothesis that the HAPA model is better at predicting wbSSE in this context. However, due to limitations in data measurement, further investigation is required to confirm this. There is also some indication that intervening on motivational variables alone may increase intention to examine skin, but not necessarily the behaviour itself. Future interventions for this high-risk population could therefore benefit from considering variables more proximal to actual behaviour (such as volitional self-efficacy and action planning) as described in the HAPA model. 
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